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1.Requirements

2.Characterizationõs techniques for Actinide Targets 

3.Monitoring of targets during irradiation

4. (Post-irradiation characterization) 

5.Conclusion Talk of  A. Mitu



I-REQUIREMENTS
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1. Neutron-inducedreaction

2. Heavy Ion inducedreaction



REQUIREMENTSð

NEUTRON-INDUCED CROSS-SECTION MEASUREMENTS
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üFuel cycle, criticality safety studies of spent fuel storages and transportation: total and capture 

cross-sections requested with an uncertainty less 2%

üThorium-Uranium fuel cycle: neutron-induced capture cross-section of 232Th with an uncertainty 

better than 2%

üAstrophysics: Cross-section of key isotopes for s-process determined with uncertainties of about 

1%

üStandards database requested by the IAEA: cross-section data with uncertainties below 1%

P. Schillebeeckxet al., NIMA613 (2010) 378-385

Requirements



NEUTRON-INDUCED CROSS-SECTION MEASUREMENTS
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P. DõHondtet al, Ann. Nucl. Energy vol11 NÁ10 pp 485-488, 1984 òMeasurement of the 

thermal-neutron induced fission cross-section of 238Uó

2 238U sampleswith 170 or 12 ppm 235U

„ „ ‌Ϸ „z ‍Ϸ „z

587,6 (±2,6) µbarns 741,9 barns

Requirements



REQUIREMENTSð

FUSION-EVAPORATION REACTIONS
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Thickness & homogeneity Ą ions Kinematics 

Ą Optimal tuning of the spectrometer : 

transmission of desired residues

and control of unwanted  particles

ĄAccuracy (< 5%)

Requirements



REQUIREMENTS
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Nbeam Nout

s(cm²) 
ᶻ

Successful experiment 

= Accurate measurements + low background + safe conditions

Ą Need of high quality targets with known properties at any time 

ü Arealdensity

ü Homogeneity== spatial distribution (to be verifiedexperimentally), ensure

that all detectedneutrons have traversedthe samepathlenghtin the target

(no hole) for a correct interpretationof  capture and transmission cross-

section in resonanceregions.

ü Quantification & identification of contaminants and impurities, uncertainty

dependson their impact on the measurement.

ü Effective area
D. Sapundjievet al., Nucl. Instr. Meth. A 686 (2012) 75-81 òPreparation and characterization of thin 

film nuclear targets for neutron physical measurementsó

Requirements



CHARACTERIZATIONOF ACTINIDE TARGETS
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1. Low geometrya-particle(LGA)

2. RadiographicImaging (RI)

3. Thermal IonizationMass Spectroscopy(TIMS)

4. Neutron Activation Analysis(NAA)

5. PhotoElectronSpectroscopy(XPS)

6. EnergyDispersive X-Ray Spectroscopy(EDS)

7. ParticleInducedX-ray Emission (PIXE)

8. RutherfordBack Scattering(RBS) 

Actinide targets characterization

Thickness& homogeneity

Chemical identification

Isotopicabundances

Techniques Properties

(AFM - Surface roughness/structure)



Low Geometrya-Particle (LGA method): Activity measurements
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Detector

Ø 20mm 

Actinide 

target 

Detector

Ø 17mm 

Actinide 

target 

20 cm
1.6 m

LG3 (variable distance target-detector) LG2 (fixed distance, high activity)

IRMM/JRC ðGeel 

Actinide targets characterization



Low Geometrya-Particle (LGA method): Activity measurements
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S. Pomme, Metrologia52 S73 òThe uncertainty of 

counting at a defined solid angleó

Sources of uncertainty:

1. source-detector geometry

2. Solid-angle calculation

3. Energy loss & self absorption

4. Scattering

5. Detection efficiency

Assumptions: isotopic emission of particles, 

moving undisturbed along a straight line and 

counted when they hit the detector  
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Uncertainties ͯ πȟπςϷὪὩὥίὭὦὰὩ

Homogeneity

Actinide targets characterization

See also D.M. Gilliam et al, J. Radioanal. Nucl. Chem. 299 (2014) 

1061-1065 òImprovements in the characterization of actinide 

targets by low solid-angle countingó



Low Geometrya-Particle (LGA method): Activity measurements
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J. Heyse et al., J. Radioanal. Nucl. Chem.

(2014)299:1055-1059 òCharacterizationof 235U for

the developmentof a secondaryneutron fluence

standardó

G. Sibbenset al,J. Radioanal. Nucl. Chem. 299 (2014) 1093-1089

òPreparationof 240Pu and 242Pu targetsto improvecross-section

measurementsfor advancedreactorsandfuelcyclesó

(15ð240 µg/cm²)

Dead time < 5µs

Background count rate < 0,003 pps

e = 100%

W = 0,0007 % 4 psr

20 spectraof 500 s or 7000 s
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B: Intrinsicspecificactivityof the sample

deducedusing«Thermal IonizationMass 

Spectrometry» TIMS (next slide)
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Actinide targets characterization



RADIOGRAPHICIMAGING : HOMOGENEITY& THICKNESSOF THE 

TARGETLAYER DEPOSIT
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D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe application of neutron activation analysis, scanning electron 

microscope, and radiographic imaging for the characterization of electrochemically deposited layers of lanthanide and 

actinide elementsó

1
Production of
244Pu target

Crystallites, sizes of 25 or 50 µm 

(depending on the IP), into a stable 

exited state by radiation. 

IMAGING PLATE

2
Imaging plate 

exposure to 

active target (å 6h)
Radioactive targets or targets 

with active tracers

Imaging plate

LASER DETECTOR

3
Imaging plate

reading process
luminescence light Ą arbitrary unit 

Photo Simulated Luminescence (PSL) a

radiation650 nm 

Actinide targets characterization

Courtesy of K. Eberhardt



RADIOGRAPHICIMAGING : HOMOGENEITY& THICKNESSOF THE 

TARGETLAYER DEPOSIT
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(lateral resolution < 200 ɛm)

D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe 

application of neutron activation analysis, scanning electron 

microscope, and radiographic imaging for the characterization 

of electrochemically deposited layers of lanthanide and 

actinide elementsó

Targets for 242Pu(n,f)-measurements at n-ELBE (FZDR). Backing: Si-

wafer, sputtered with thin Ti-layer. In total: 37 mg 242Pu for 8 targets

242Pu / 110 µg/cm2

75 cm
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Actinide targets characterization

G. Sibbenset al, AIP Conf. Proc. 1962, 030007-1-9

238U deposit ðresolution of 42 µm



RADIOGRAPHICIMAGING : HOMOGENEITY& THICKNESSOF THE 

TARGETLAYER DEPOSIT
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(lateral resolution < 200 ɛm)

D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe 

application of neutron activation analysis, scanning electron 

microscope, and radiographic imaging for the characterization 

of electrochemically deposited layers of lanthanide and 

actinide elementsó

Courtesy of K. Eberhardt

Comparisons to the measured values of a 

microbalance with a reference sample

Actinide targets characterization



THERMAL IONIZATION MASS SPECTROMETRY(TIMS) : ISOTOPIC

ABUNDANCES
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S. Richteret al,Int. J. of MassSpectrometry229 (2003) 181-197 òImprovedtechniquesof highaccuracyisotoperatio

measurementsof nuclearmaterialsusingthermalionizationmassspectrometryó

G. Sibbenset al, J. Radioanal. Nucl. Chem.

299 (2014) 1093-10989

Actinide targets characterization

Elutedfraction of active solution evaporated, dissolvedand depositedon a filament



NEUTRON ACTIVATION ANALYSIS: DEPOSITIONYIELD& AVERAGE

THICKNESSOF THE DEPOSITEDMATERIAL
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D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe application of 

neutron activation analysis, scanning electron microscope, and radiographic 

imaging for the characterization of electrochemically deposited layers of 

lanthanide and actinide elementsó

245Pu
10.5 h

b- 0.9; 1.2
g327; 560; 308

245Am
2.05 h

b- 0.9
g253     

244Pu
8x107 a

a4.589; 4.546 

249Cm
64 min

b- 0.9
g634, 560, 369

249Bk
320 d

b- 0.1
g327, 308     

248Cm
3.4x105 a

a5.078, 5.035 

Irradiation of 1 ml of

supernatant solution

after deposition

Irradiation time:éé.2 hours

Thermal flux:é7x1011 cm-2s-1

Cooling time:éé...0.5 hours

Counting time:ééé.10 min

Actinide targets characterization

P. Robouchet al, Nucl. Instr. Meth. A 480 (2002) 128-

132 òTarget preparation and neutron activation analysis: 

a successful story at IRMMó

Gamma spectrometry measurements of 

samples irradiated with neutrons in a nuclear 

reactor:

ὃὲȟ‎ ὃ
Comparison of unknown sample (ὃ ) and a 

known standard (ὃ )

elemental m:  ά ά ὃȾὃ



308 keV

327 keV

560 keV

253 keV

NEUTRON ACTIVATION ANALYSIS: DEPOSITIONYIELD& AVERAGE

THICKNESSOF THE DEPOSITEDMATERIAL
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D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe application of neutron activation analysis, scanning electron 

microscope, and radiographic imaging for the characterization of electrochemically deposited layers of lanthanide and 

actinide elementsó

Simultaneous determination of up to 30-40 elements with 

low detection limit (lanthanide and actinide 0,1-10 ppb) 

Time consuming(irradiation + coolingtime)

Neutron source

Actinide targets characterization

245Pu
10.5 h

b- 0.9; 1.2
g327; 560; 308

245Am
2.05 h

b- 0.9
g253     

244Pu
8x107 a

a4.589; 4.546 



X-RAY PHOTO ELECTRON SPECTROSCOPY(XPS): IMPURITIES
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Actinide targets characterization

Peak shapeand intensityof the photoelectronpeaksdetermines:

Elementalidentity

Chemical state

Quantity

Solvent + Cracking products + some Pd (anode)

Targetmaterial (as oxide)

Backing

XPS analysisbeforeand after sputteringwith ions (Ar+)



ÅNd 3d signal: grows after Ar+ sputtering

ÅC 1s signal: 

285.0 eV is aliphatic carbon Ÿ removed after sputtering: physisorbed

289.3 eV is C(O)OR or COOM group Ÿ not removed after sputtering: chemisorbed

Photoelectronspectroscopy (XPS) of targets produced by MP 

Actinide targets characterization

A. Vasconet al, Nucl. Instr. Meth. A 714 (2013) 163-175 òSmooth crack-free targets 

for nuclear applications produced by molecular platingó



ENERGYDISPERSIVE X-RAY SPECTROMETRY(EDS): CHEMICAL

COMPOSITION
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D. Liebeet al, Nucl. Instr. Meth. A590 (2008) 145-150 òThe application of neutron activation analysis, scanning electron 

microscope, and radiographic imaging for the characterization of electrochemically deposited layers of lanthanide and 

actinide elementsó

e- X-ray



PARTICLEINDUCED X-RAY EMISSION (PIXE): IMPURITIES
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M. Jaskolaet al, Nucl. Instr. Meth. A590 (2008) 176-180 òEstimation of the impurity levels in polyimide foils and the life-time of the foils 

irradiated by charged particleó (proton 1,5MeV 10-30 nA)

Actinide targets characterization

Proton beam

X-ray

p



PIXE TECHNIQUE: IMPURITIES
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Actinide targets characterization

G. Sibbenset al, Nucl. Instr. Meth. A655 (2011) 47-52 òQuality of polyimide foils for nuclear applications in relation to a new preparation procedureó

Impuritieså ng/cm²

For foils of 20-30 µg/cm²



RUTHERFORD BACKSCATTERING(RBS): IMPURITY, CONCENTRATION, 

THICKNESS
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Actinide targets characterization

C.O. Bacriet al, J. Radioanal. Nucl. Chem. 299 (2014) 

1099-1105 òCACAO facility: radioactive taregtsat 

Orsayó (4He 2,4MeV)



MONITORING OF TARGETS
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Monitoring during irradiation

1. Electron attenuationmethod

2. Tuningon aemission

3. TemperatureMonitoring

4. aenergyloss

5. Scatteredbeam/target

6. (Performance/lifetime: C, UCx cases)



ELECTRONS ATTENUATION

CH. STODEL, GANIL - INTDS 2018 - EAST LANSING 27

Principle: measuring attenuation of electron current using angular scattering and absorption

Adjustements: sensitivity(Ee), 

resolution(Ò 0.4mm ,  15ʈs)

R. Mann (patent DE 10242962 A1 -GSI)



ELECTRONS ATTENUATION
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S. Hofmann et al, Eur. Phys. J. A (2012) 48:12 òThe reaction 48Ca + 248CmĄ 296116* 

studied at the GSI-SHIPó

Accuracy Ñ2%

R. Mann et al, GSI Report 2004 p.224 òOn-line target controló

On-line Monitoring



ELECTRONS ATTENUATION
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Time evolution of Bi 

target with beam 

before 

irradiation 
2.4×1016 part

4: 3.7×1016 

part

2.8×1016 part

4.1×1016 

part

4.4×1016 part

J. Kallunkathariyilet al, AIP Conf. Proc. 1962, 030019-1-9 

(2008) òS3 target monitoring with an electron gunó

78Kr15

+

electronbeam CF e-


